Original Article
exposes the mother-fetus dyad to nicotine, carbon monoxide, nitrosamines, and polycyclic aromatic hydrocarbons. [8] Pooled odds ratio (OR) in the range of 1.2-2.4 has been noted for adverse outcomes, such as placental abruption, placenta previa, preterm premature rupture of membranes (PPROM), fetal growth restriction (FGR), prematurity, and low birthweight. [5] A decrement of 200 g in mean birth weight is reported with active maternal smoking, [5, 8] 10-100 g with environmental exposure to tobacco smoke, [5, [8] [9] [10] and 17-93 g with exposure through maternal snuff use or tobacco chewing. [5, 11, 12] Approximately 47% of newborns are born small for gestational age (SGA) in India. [13] Very few Indian studies have assessed the effect of occupational tobacco exposure on newborn birthweight with contradictory results. [14, 15] Moreover, these studies are cross-sectional and have not addressed maternal outcomes. There are 0.25 million registered bidi rollers in the study region. [1] This study was designed to assess pregnancy and birth outcomes in tobacco handlers. We also evaluated nicotine absorption in the mother-fetus dyad using serum cotinine assay. Cotinine, with a half-life of 16 h, is a well-established surrogate biomarker of nicotine exposure.
mateRIals and methods

Participant selection and research setting
This was a hospital-based prospective cohort study. The study group consisted of women between the ages of 19 and 35 years with singleton pregnancies and having no antecedent chronic illnesses. They were enrolled between 18 and 22 weeks of gestation and followed at 26-28 weeks, 34-36 weeks, and at delivery. The study period was 36 months between May 2014 and April 2017. The study had the approval of the Institutional Ethics Committee. Informed written consents were obtained from the participating women.
Exposure definition
Exposure was defined as bidi rolling for at least 1 year before and continued into pregnancy. Exposed and unexposed cohorts were those with and without occupational tobacco exposure through bidi rolling, respectively. Exclusion criteria in both groups were as follows: (i) active exposure to tobacco through smoking or nonsmoking snuff inhalation and chewing tobacco and (ii) passive exposure (≥2 h to smoking at home or workplace) to tobacco. A serum cotinine value ≥2 ng/ml in the unexposed group at enrollment or delivery was considered nondisclosed exposure. Women with such values were excluded from the analysis.
Data collection and definitions
Women in the exposed group were interviewed at each antenatal visit regarding bidi rolling and handling practices. In addition to demographic data, the socioeconomic class was established using Kuppuswamy scale. Pregnancy was monitored for maternal weight gain, anemia, hypertension, gestational diabetes mellitus, and FGR. Other outcomes included abortions (≤20 weeks), intrauterine death, placental abruption, placenta previa, PPROM, and prematurity. The World Health Organization definitions were used to describe all pregnancy-related illnesses.
Maternal anemia was defined as hemoglobin <11 g/dL at any trimester. Hypertension was categorized as gestational hypertension or pregnancy-induced hypertension (preeclampsia). Gestational hypertension was defined as new-onset hypertension at ≥20 weeks gestation, with systolic blood pressure ≥140 mmHg and/or diastolic blood pressure ≥90 mmHg on two occasions, 4 h apart. Preeclampsia was diagnosed in the presence of proteinuria ≥1+ or end-organ dysfunction. Gestational diabetes mellitus was diagnosed based on the second-trimester one-step screening with 75 g oral glucose tolerance test (fasting sugar >92 mg/dL). FGR was defined as a fetus with estimated weight <10 th centile for gestational age (GA) and deceleration of growth in serial sonograms done at a 3-4-week interval.
Data on live births included GA in weeks, maturity, and growth parameters. GA was based either on maternal last menstrual period or new Ballard scoring when there was ≥2 weeks discrepancy on sonogram. Term birth was defined as GA 37 and 42 weeks and preterm <37 completed weeks. Preterm births were further divided into very preterm (28-31 completed weeks), moderate preterm (32-36 completed weeks), and late preterm (34-36 completed weeks). Birthweight was recorded to the nearest gram (g) using a calibrated electronic weighing scale, length was measured in centimeters (cm) using an infantometer, and head circumference was measured in cm using a nonstretchable measuring tape. Neonates were classified as appropriate for GA if their birth weights ranged between 10 th and 90 th centiles, SGA if <10 th centile or large for GA if >90 th centile when plotted on the intrauterine growth curves.
Maternal cotinine assays were performed at 18-22 weeks and delivery in both groups. Umbilical cord blood cotinine assay was performed in the exposed group. Serum was separated and stored at −80°C until analysis. Cotinine assays were carried out by commercial solid-phase competitive ELISA (Calbiotech, USA) and expressed as ng/ml. A serum cotinine value ≥2 ng/mL was considered indicative of nicotine absorption. [3] 
Outcome measures
Primary outcomes were pregnancy-related complications, FGR, prematurity, and newborn anthropometry in the exposed and unexposed groups. The secondary outcome was nicotine absorption as determined by serum and cord blood cotinine assays in the exposed group.
Sample size and matching
We used open-source calculator, OpenEpi, Version 3 (OpenSource.org, USA) for sample size estimation (https:// www.openepi.com/SampleSize/SSCohort.htm). Calculation was based on the following: two-sided significance (1-alpha) of 95%, power of 80%, ratio of unexposed/exposed of 2:1, percentages of unexposed and exposed with SGA in 20% and 30%, respectively, and an anticipated OR of 1.8 for SGA in the exposed. With this, the sample size required was 175 in the exposed group and 350 in the unexposed group. Selection bias was minimized by matching the exposed and unexposed groups for parity and socioeconomic class. Additional participants were enrolled to offset anticipated 2%-5% dropout.
Analysis
Statistical analysis was performed using the software SPSS version 20.0 (IBM Corporation, New York, USA) and EpiInfo™ version 6 (Center for Disease Control and Prevention, Atlanta, USA). For categorical data, frequencies (n) and percentages (%) were calculated and Chi-square (or Fisher's exact when the count in a cell was ≤5) was used for determining intergroup differences. Relative risk with 95% confidence interval (CI) was expressed. For continuous data, mean ± standard deviation or median with interquartile range (IQR) were calculated based on normality distribution. Intergroup comparisons were performed using independent sample t-test or Kruskal-Wallis test. Binary logistic (dichotomous outcome) and multiple linear (continuous outcome) regression models were used to control for covariates that could influence pregnancy and birth outcomes. The adjusted risk or adjusted mean difference were generated. A P < 0.05 was considered statistically significant.
Results
During the study, 563 pregnant women were screened, of which 177 were included in the exposed and 354 in the unexposed group. Figure 1 gives the enrollment flowchart for the study population.
Maternal characteristics
The baseline characteristics of the cohort at enrollment are presented in Table 1 . Primigravida, second, and multigravida constituted 35.0%, 35.6%, and 29.4% of the study population, respectively. Majority belonged to lower socioeconomic strata. Women in the exposed group were older than the unexposed. Approximately 45% of the women in the exposed and 37% of the women in the unexposed were underweight (body mass index <19.8 kg/m 2 ). Although mean hemoglobin was ≥11.0 g/dL in both groups, it was significantly lower in the exposed group.
Bidi rolling practices in the exposed group
Women started bidi rolling at a median age of 20 (IQR 5) years and were exposed to tobacco for duration of eight (IQR 6) years at enrollment. They rolled approximately 600 (IQR 300) bidis a day and were exposed to 500-1000 g dry tobacco dust. None wore gloves or mask. Nearly three-fourths of the women stopped rolling at a median of 30 (IQR 8) gestational weeks due to the intense labor involved and transitioned to sorting and packaging bidis. In 69.5% of households, other family members were also bidi rollers. Table 2 gives the pregnancy outcome in the two groups. The adjusted risks for hypertension during pregnancy and FGR were significantly higher in the exposed group. The adjusted risk for prematurity was not different between the groups. Table 3 gives the birth outcome of live-births in the two groups. GA at birth was comparable. Mean birth weight, length, and head circumference were lower in the exposed group. SGA was present in 31.2% in the exposed and 20.6% in the unexposed group. The risk for SGA in the exposed group was 1.51 (95% CI: 1.12, 2.04; P = 0.007). When controlled for age, parity, body mass index, anemia, hypertension, and gestational diabetes mellitus, the adjusted risk for SGA in the exposed group was significantly higher at 1.75 (95% CI: 1.12, 2.73; P = 0.015).
Pregnancy and birth outcomes
Evidence of nicotine absorption
A serum cotinine value ≥2 ng/mL was found in 38.3% of maternal and 29.6% of cord blood in the exposed group.
The highest values were 125 ng/mL in the maternal and 110 ng/mL in the cord blood. Cotinine was detectable in 34.2% of pregnancies with adverse outcome. The median birth weights of infants born to mothers with and without evidence of nicotine absorption were not different (2830 g vs. 2860 g) as shown in Figure 2 .
dIscussIon Adverse pregnancy outcomes were increased in women with occupational tobacco exposure through bidi rolling. Statistically significant findings included hypertension during pregnancy and FGR. Other than hypertension, these results are comparable to outcomes reported with maternal smoking. [5, 8, 9] An increased risk for preeclampsia has been reported with maternal use of snuff, another nonsmoking form of tobacco exposure. [16] Our results are consistent with this. On the contrary, maternal smoking has an inverse relationship with preeclampsia with OR ranging between 0.45 and 0.71. [5] One of the proposed pathogenesis of preeclampsia is an alteration in proteins that promote placental vasculature or angiogenesis. [17] Anti-angiogenic proteins released by a hypoxic placenta are considered to be the mediators for preeclampsia. [16, 17] Carbon monoxide in the combustion product decreases circulating anti-angiogenic proteins and inhibits placental tissue cellular death. [17] Nicotine, on the other hand, decreases placental growth factor, an angiogenic protein, and increases placental tissue cellular death. [18] The risks for FGR and prematurity with maternal tobacco exposure due to abnormal placentation and alterations in placental function are well established. [3, 4, 6, 9] The adjusted risk for FGR seen in this study is comparable to that noted by Dejmek et al. [9] in moderate smokers. The adjusted risk for prematurity was not significant in the present study. An increased risk of preterm births, especially very (<32 weeks) and extreme (<28 weeks) preterm births, has been reported with maternal smoking, [19] snuff use, [20] and tobacco chewing [12] during pregnancy. Differences in the magnitude of tobacco exposure may be responsible for the discrepant results. Unlike active tobacco exposure in the aforementioned studies, tobacco exposure is passive in the present study. Of note, very preterm births were present only in the exposed group. However, statistical inference is not possible because of the small numbers.
Significantly lower newborn anthropometric measurements and a higher proportion of SGA were noted in the exposed group. The adjusted mean difference in birthweight seen in the present study is comparable to the decrement seen with moderate maternal active smoking reported in the United Kingdom Millennium study. [8] The decrement is higher than that reported with maternal light smoking, [8] environmental exposure to tobacco smoke, [9] and smokeless tobacco exposures. [12, 21] There are no reports on the effect of maternal tobacco exposure on birth length, but a meta-analysis shows a 0.5 cm decrease in birth head circumference with maternal smoking. [22] The adjusted risk for SGA in the exposed group is comparable to the risk reported in maternal snuff use. [21] Nicotine absorption was evident in approximately one-third of maternal and cord blood samples in the exposed group. During pregnancy, metabolism of both nicotine and cotinine increases by 60% and 140%, respectively, due to the induction of liver enzyme CYP2A6. [23] There is also increased glucuronidation and oxidation, the other pathways of nicotine metabolism, [23, 24] which may explain our results. The existence of variant alleles such as CYP2A6*4 with lower cotinine levels has been reported among the Asians. [25] Women in the exposed group were interviewed at every visit for bidi rolling practices; the women in the unexposed group were screened for nondisclosure using serum cotinine determination. Standard definitions were used for all outcomes, and accuracy of clinical and sonographic data was ensured. These are some of the strengths of the study. A limitation of the study is that a tobacco exposure index could not be stratified as is possible with active smoking or tobacco chewing. [5, 9, 12, 16] Cotinine was the only biomarker studied. Bidi rolling practices and cotinine values could not be correlated. Demonstration of nicotine or cotinine in hair for chronic exposure [21] was out of the scope of this study.
conclusIon
The study results support the hypothesis that occupational tobacco exposure due to bidi rolling and handling leads to adverse pregnancy and birth outcomes. The magnitude of the findings was comparable to moderate maternal active smoking.
